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Fig. 5 Overall design scheme of compact low light radiance meter
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Table 1 Functions of some components of radiance meter

Element Main function

Glantler prism Adjust the pump laser polarization state to linear polarization

Half-wave plate Enables/disables parametric downconversion
Off-axis parabolic mirror Reduce the influence of color difference and uncertainty and improve the equivalence

Filter module Filter pump light and improve the signal-to—noise ratio of correlated photon measurement

2 HABEEEHUNEEEEEGE

Table 2 Estimation of observed radiance range of low light radiance meter

Parameter

Technical index

Wavelength range

460 ~1 550 nm

Observation bandwidth <12 nm
Observed field of view +1°

Field aperture 100 pm
Transmittance of optical system 0.15

Dark count rate <<500/s

Si APD Saturation count rate 20 M/s

Quantum efficiency 69 % @685 nm
Dark count rate <1 000/s
InGaAs APD Saturation count rate 1M/s

Quantum efficiency

10% @1 550 nm

Target radiance

1X10 "~1x10 *W/(cm’*srenm)
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Table 3 Main performance parameters of low light radiance meter

Main parameter Index requirement
Operating wavelength range 460~1 550 nm
Pump laser wavelength 355 nm
Crystal type BBO

460 nm/1550 nm, 580 nm/910 nm,
610 nm/850 nm, 685 nm/737 nm

Coincidence band

Working mode Self-calibration model and radiation observation model
Observation field of view +1°
Spectral radiance measurement range 1X10 "~1x10 ° W/(cm*sr-nm)
Measurement uncertainty 8% (k=2)
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Fig. 6 3D diagram of the first and second channel optical path
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Table 4 H-ZF52A glass transmission Table 5 H-ZF88 glass transmission
Wavelength/nm Transmission Thickness/mm Wavelength/nm Transmission Thickness/mm
460 0.953 10 460 0.886 10
480 0.966 10 480 0.921 10
550 0.989 10 550 0.979 10
600 0.993 10 600 0.989 10
700 0.996 10 700 0.993 10
850 0.998 10 850 0.995 10
900 0.998 10 900 0.996 10
1000 0.998 10 1000 0.998 10
1400 0.998 10 1400 0.998 10
1600 0.998 10 1600 0.996 10
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Table 6 First channel focusing optical path parameter

Surface number ~ Surface type Radius of curvature/mm  Surface thickness/mm Material ~ Half-height of aperture/mm
1 Sphere INFINITY 4.3 H-ZPK1A 12
2 Sphere —31.947 4 AIR 12
3 Sphere 18.000 11 H-ZPK1A 11
4 Sphere 18.000 3 H-7ZF52A 11
5 Sphere 49.304 11.175 AIR 6
x1 F_EBEESRXABSH

Table 7 Second channel focusing optical path parameter

Surface number ~ Surface type  Radius of curvature/mm  Surface thickness/mm ~ Material ~ Half-height of aperture/mm
1 Sphere INFINITY 4.3 H-LLAF52 12
2 Sphere —31.344 4 AIR 12
3 Sphere 18.000 11 H-ZPK1A 11
4 Sphere 18.000 3 H-ZF52A 11
5 Sphere 20.927 17.175 AIR 6
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Table 8 Tolerance setting parameters table

Tolerance parameter Set value
Radius of curvature 2 aperture
Surface thickness 0.02 mm
S+ A irregularity 0.2 aperture
Surface/component eccentricity 0.02 mm
Surface/element tilt 0.02°
Refractive index 0.001%
Abbe 0.05%
£ —BEAESHER £10 ZEEAZH LR
Table 9 Tolerance analysis results of first channel Table 10 Tolerance analysis results of channel 2
Percentage RMS radius/pm Percentage RMS radius /pm
98% > 7.20 98% > 8.91
90% > 6.27 90% > 7.08
80% > 5.79 80% > 6.17
50% > 5.07 509> 4.79
20%> 4.57 209> 3.70
10% > 4.41 10%> 3.37
2% > 4.14 2%> 2.92
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Fig. 11 Fiber coupling flow chart
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Fig. 12 Optical fiber transmission diagram
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Fig. 13 3D diagram of the third channel ZEMAX optical path
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Table 11 Third channel focusing optical path parameter table

Surface number  Surface type  Radius of curvature/mm  Surface thickness/mm Material ~ Half-height of aperture/mm
1 Sphere 179.703 11 H-ZPK1A 16
2 Sphere —24.030 4.5 H-ZF52A 16
3 Sphere INFINITY 1 AIR 18
4 Sphere 35.021 10 H-ZPKI1A 16
5 Sphere —35.820 4.5 H-7ZF52A 16
6 Sphere —81.006 55.889 AIR 18
2+]1.55 a+].55
=1.560 a=].56
24154 B+].54
= [.53 2 1.53
as].57 =157
]
g ' g
< . = 1
= -

Surface: IMA

Surface: IMA

Full field spot diagram

Full ficld spot diagram
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Units are pm. Legent items refer to Wavelengths Zemax OpticStudio 19.4 Units are pm. Legent items refer to Wavelengths Zemax OpticStudio 19.4
RM: 15891 RMS radius :  16.655 -

GEOS rrfc(jixlllxlss © 21491 Third channel.zmx GEO radu‘lls © o 21.280 Third channel.zmx
Scalebar  : 100 : Chief Ray Configuration 1 of 1 Scalebar  : 100 Reference : Chief Ray Configuration 1 of 1

(a) Self-calibration mode

(b) Radiation observation mode
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Fig. 14 Full field of view spot diagram of image surface light spot in channel 3

WG VRHIE I /NA 90276 BIBEA/N T 48.18 pm, il I B>

R12 E-ZBEAEFWER

Table 12 Tolerance analysis results of channel 3

Percentage RMS radius/pm
98% > 3.44
90% > 2.60
80% > 2.20
50% > 1.64
206> 1.35
109> 1.25
2%> 1.15
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Table 13 Extreme spot diameters in the image plane of three channels
Channel Observation Optimal value of light spot ~ Worst value of light spot in Design
band/nm in image plane/pm image surface/pm index/pm
1 460~685 59.94 97.34 300
2 737~910 51.44 90.64 300
3 1550 42.64 52.12 62.5
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Optical Design of a Self—calibrated Low Light Radiance Meter Based on
Correlated Photons

SHI Jiaqing"”, YU Bing’, CHU Junwei’, FAN Jihong’, HU Youbo', LI Jianjun'
(1 Anhui Institute of Optics and Fine Mechanics, Hefei Institute of Physical Science,
Chinese Academy of Sciences, Hefei 230031, China)

(2 University of Science and Technology of China, Hefei 230026, China)

(3 Xi'an Institute of Applied Optics, Xi'an 710065, China)

Abstract: The high—precision self-calibration radiation reference source is currently the research focus of
satellite remote sensing calibration. In order to meet the requirements of quantitative applications such as
climate monitoring, low-light radiation metering and single photon source radiance measurement, in view
of the application requirements and technical requirements of visible to near infrared low-light radiometer,
a compact three—channel low—light radiance meter based on correlated photon self-calibration is designed.
This design method can improve the measurement accuracy of low light irradiance by using objective
physical effect instead of physical standard, reducing the cumulative error caused by standard transfer chain.
The absolute calibration of the detector responsivity can be achieved by the spontaneous parameter down-—
conversion effect, and the absolute radiation observation can be achieved without relying on the external
reference. Based on this study, combined with the special application requirements of radiance meter, a
numerical model of spectral rate and geometric transmission characteristics of wide spectrum correlated
photons is established, and two basic operating modes of self-calibration and radiation observation are
determined. The interaction between 355 nm pump source and nonlinear medium generates three-wave
mixing, and the correlated photons are generated by class I non-collinear spontaneous parametric
downconversion, the combined effect of monochromatic pump photon flow and quantum vacuum noise on
non—centrosymmetric nonlinear crystal makes each incident photon spontaneously split into two photons
with lower energy with a certain probability, called signal photons and idle photons respectively, they have
a wide sptrum distribution from pump wave frequency to lattice resonance frequency. Correlated photon
source has the technical characteristics of time and space correlation, natural wide spectrum and absolute
reproducibility, so it has high absolute accuracy. Integrated design of self-calibration and radiation
observation can monitor and correct changes in response characteristics in real time, maintain long—term
stability of response characteristics, and improve traceability and accuracy of observation data. This design
method solve the key technologies such as preparation and value transfer of correlated photon sources,
suppression of pump stray light, high precision and high efficiency coupling of correlated photons, UV
radiation resistance of space single—photon detectors, packaging reinforcement technology of space single—
photon detectors, self-calibration and integrated design of radiation observation. The spectral measurement
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range of the low—light radiance meter is from 460 nm to 1 550 nm, the measurement range of radiance is
1X10 "~1x10 * W/(cm’ssr-nm). In the design, the integration, miniaturization and modularization of
the whole system are considered, and the eight spectral bands are integrated into a three—channel structure,
solving the preparation of wide spectrum dependent photon source, optical multiplexing of calibration
optical path, radiation measurement, high precision coincidence measurement and full optical path
calibration of radiance meter, and achieving high precision radiation observation from visible to near
infrared and periodic self-calibration research targets. In the self-calibration mode, the multiplex optical
path module periodically introduces the spontaneous parametric down—conversion correlated photons, and
the photon counting and coincidence detection module are used to calibrate the absolute quantum efficiency
of the three channels. In the radiation observation mode, the multiplex optical path module introduces the
low—light level target radiation and obtains the absolute spectral radiance of the observation target in the
band of 460~1 550 nm at the same time. The calibration coefficient obtained by the self-calibration mode is
used to correct the observation results. The effects of link error limited by radiation reference value
transfer, optical decay of optical path and electronic decay of optical path on the measurement accuracy of
microradiance are fundamentally solved. The visible near—infrared band adopts free space coupling mode
and the short-wave infrared band adopts multi-mode fiber coupling mode. Through design optimization
analysis, the focusing spots of the first and second channels meet the 300 um pixel requirement of Si single
photon detector, and the focusing spot of the third channel meets the 62.5 pm core diameter and
0.22 numerical aperture requirement of multi-mode fiber, all of them can be received by the detector
photosensitive surface, meeting the design objectives. The method based on correlated photon calibration
does not need to trace the high—precision primary standard in the laboratory and the lengthy standard
transfer chain. By using the correlated photon generated in the process of parametric down—conversion, the
calibration source of time, space and polarization can be obtained, and the high—precision observation of the
low—light spectrum radiance from visible to near infrared band can be realized. The solution to the scientific
problem of low—light observation instrument in space platform measurement can obtain higher calibration
accuracy, and play an important role in climate monitoring, low-light radiation metrology, single—photon
source radiance measurement and so on.
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